The density, the electrolytic conductivity and the viscosity o f m olten silver chloride doped with NaCl, RbCl, M gCl2, CaCl2, SrCl2 and CdCl2, and o f molten copper chloride doped with NaCl, KC1, CsCl, M gCl2, CaCl2 and BaCl2 have been measured in the concentration range 0 ^ x dopant = 0.1: the temperature range was 740 K ^ 900 K for silver chloride and 710 K ^ T ^ 850 K for copper chloride. The findings show that the molar conductance in such systems is strongly dependent on the ionic radii o f the cations: the viscosity, on the other hand, is mainly governed by their charge. A strong correlation exists between the formal activation energies o f conductance and viscosity, E%/E£ being constant for all types and concentrations o f dopant used in this work.
Introduction
In a previous paper [1] the dependance of the vis cosity and conductivity of fused silver chloride on the addition of M eCln (Me = Li, K, Cs, Ba) in the mole fraction region 0 ^ a:dopant = 0.1 has been pub lished. It was found that the conductivity depends on the size of the added dopant cation, while the viscosity depends on its charge. It was further noticed that the ratio of the formal activation ener gies El/E* is independent of the type and concen tration of the dopants employed. Only four different dopants were used and the solvent was not varied. It is therefore the aim of this further paper to test if the above-mentioned properties are exhibited when other dopants are used or when copper-I-chloride is used instead of silver chloride.
Experimental

Materials
Silver chloride was purified as described in [2] . The surface of the commercially available copper chloride (p. a. Merck) was partially oxidized. The surface was cleaned as in [3] , the purification being performed in a quartz glass apparatus [4] in which the purified copper chloride could be subsequently melted and cast into rods. The dopants were NaCl, KC1, RbCl, CsCl, M gCl2, CaC l2, SrCl2, BaCl2 and CdC l2. They were obtained from E. Merck and were all of analytical grade or of "S u p ra p u r14" quality. Crystallisation water or traces of moisture were removed by heating the salts in a stream of dry hydrogen chloride. The tem perature was gradually increased so as to prevent the formation of oxides, the hydrogen chloride being expelled by a stream of dry argon shortly before melting occurred.
Apparatus
The measurements of the viscosity, conductivity and density of the silver chloride systems were per formed as in [1] , The same methods were used for the copper chloride systems; however, since molten copper chloride reacts with oxygen and with water vapour the melts had to be particularly well pro tected from air. Appropriate quartz glass cells were constructed. Figures 1 and 2 show respectively the capillary viscometer and the combined quartz glass density and conductivity cell. Only the upper part of the viscometer is shown in Fig. 1 , since the bottom part is identical with that of the viscometer used in [1] , The reservoir above the measuring bulb is sealed by a spherical ground glass stopper, which was slightly opened during the m easurements. The viscometer was calibrated with triply distilled water, using the values in [5] , The density and the conductivity of the copper chloride systems were both measured using the cell shown in Figure 2 . It consisted of a container in which both the sinker (see [4] ) and an electrode as sembly could fit. The electrode assembly was made up of a tube containing a 300 mm long electrode and ending in a capillary 100 mm in length and of 1.8 mm inner diam eter. The second electrode was inserted through a hole in the cell lid at a distance of 25 mm from the first electrode. The conductivity cell was calibrated with 1.0 N potassium chloride solution using the values of Jones et al. [6 ] . M ea surements of the conductivity and density were per formed as in [1] .
Since the copper chloride melts were slowly at tacked by traces of air the melts were renewed for every concentration, both for the viscosity m easure ments, and for the conductivity and density m ea surements.
Results
For each dopant concentration the transport properties were measured at 5 different tem pera tures between 740 K and 900 K for the silver chlo ride systems, and between 710 K and 850 K for the copper chloride systems. The following equations were used for the presentation of the tem perature dependence of these experimental data:
In (/7/kg m -1 s-1) = An + El/RT.
Linear regression was performed on each set of values, the correlation being better than 0.99 and usually lying at about 0.999. The coefficients of (1), (2), (3), (4) and (5) for pure and doped silver and copper(I) chloride so obtained are given in Tables 1  and 2 . In evaluating the molar conductivity A = 
D iscussion
Reliability
The measured values for pure silver chloride were compared with literature data in [1] and [2] , C om parison of the specific conductance o f the 10 mol% K C l-A gC l and C sC l-A g C l mixtures reported in [2] with values recently published by Boßmann et al. [7] confirms the reliability of our experiments.
Since we calibrated with substances other than copper chloride, the measured transport coefficients for copper chloride can be compared with literature data. The value for the density of pure copper chlo ride at 823 K (3.57 • 103 kg m -3), which is presented here, is 2.2% higher than the recommended NSRDS data reference base value of Janz and McIntyre [8] .
The specific conductance at 823 K (376 Q -1 m -1) is 6.0% higher than the recommended value [9] , yet it is in excellent agreem ent with the value which Poignet and Barbier (377.7 Q _l m _1) have recently obtained [10] . The viscosity at 823 K (2.20 • 10-3 kg m -1 s_1) is 5.4% lower than the only other value found in the literature [11] . The reproducibility of the density, the electrolytic conductivity and the kinematic viscosity for the copper chloride systems was ± 0.2%, ± 0.5% and ± 0.9% respectively.
General Discussion
The cationic radii of the salts employed have been determ ined by X-ray diffraction (rf) on the solid state -see for example [5] . The radii can also be estimated from the inter-nuclear distances ob tained by neutron diffraction on the molten chlo- rides (r+) -see for example [12] -assuming the chlorine ion radius to be 180 nm. As can be seen from Table 3 , the values for r+ and r+ are in general very similar: however, in the case of the silver and copper ions, the neutron diffraction measurements lead to much smaller radii than X-ray diffraction. The radii given in Table 3 are for pure salts and should therefore be considered as being approxi mate values when applied to binary salt mixtures: consequently one is at liberty to choose the set of values (/+ or /+) to be used. In the present work it was found that the values gave a better fit to the experimental data and have therefore been used in the following discussion.
The molar volumes (Figs. 3 and 4) increase with increasing radius of the dopant cation. The lithium and sodium ions, whose radii equal roughly that of the silver ions, hardly change the molar volume, whereas the bigger caesium ions lead to a large in crement in its value. The doubly charged cations in crease the molar volume even more than expected from the larger m olar volumes of the respective pure salts.
The molar conductances (Figs. 5 and 6) decrease with increasing radius of the dopant cations and re main practically unchanged when the dopant and solvent cations are of similar size. The viscosities (Figs. 7 and 8) rem ain unchanged or decrease when monovalent dopant cations are used, and increase when doping with divalent cations. The influence of doping on the m olar conductivity and the viscosity observed in [1] is thus confirmed by the results presented here: the conductivity depends mainly on the radii of the dopant cations, while the viscosity depends mainly on their charge. These results are in full accordance with the observation of Morrison and Lind [13] that the coulomb potential in molten organic salts plays a decisive role in the viscosity of such systems. The strong correlation between the formal activation energies found in [1] -where the relationship E%/E£ = constant, holds independently from the nature and concentration of the dopantis valid for all the m easured silver chloride systems ( Table 4 ). The correlation is not so strong in the case of the copper chloride systems (Table 5) .
It is further interesting to observe that, although the viscosity and the molar conductance are not cor related with one another, there is nevertheless a strong correlation between the formal activation energies themselves and also between the activation Finally, a change in the colour of molten silver chloride was noticed when it was doped. Pure silver chloride is an orange liquid on melting, its colour changing to red and Finally black when its tem pera ture is raised. At any given tem perature the addi tion of a dopant changed the colour of the melt to a lighter red or even to yellow. Since the same con centration of different dopants led to different de grees of colour change, this cannot be a trivial dilu tion effect, but could be due to changes in the inter ionic interactions within molten silver chloride on doping. Work on UV-VIS spectroscopy of these melts is currently in progress.
